J 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 




(R) Publication number : 0 682 41 8 A2 
EUROPEAN PATENT APPLICATION 



2i) Application number : 95303222.4 
2) Date of filing : 12.05.95 



@ int. ci. 6 : H04B 7/005 



(So) Priority : 12.05.94 JP 98816/94 
03.04.95 JP 77937/95 

@) Date of publication of application : 
15.11.95 Bulletin 95/46 

@ Designated Contracting States : 
DE FR GB IT SE 

© Applicant : NTT MOBILE COMMUNICATIONS 
NETWORK INC. 
10-1, Toranomon 2-chome 
Minato-ku, Tokyo 105 (JP) 

(72) Inventor : Sawahashi, Mamoru 
5-42-188, Uraga-cho 
Yokosuka-shi, Kanagawa 239 (JP) 



Inventor : Umeda, Narumi 
968-12-2-201, Musuura.cho, Kanazawa-ku 
Yokohama-shi, Kanagawa 236 (JP) 
Inventor : Dohi, Tomohiro, NTT Tomioka 
Daiichi 

Dokushin-ryo A-408, 
9-2-12 Sugita Isogo-ku 
Yokohama-shi, Kanagawa 235 (JP) 
Inventor : Ohno, Kojl, NTT Tomioka-shataku 

8- 502 

9- 2 Sugita Isogo-ku 
Yokohama-shi, Kanagawa 235 (JP) 

(74) Representative : Beresford, Keith Denis Lewis 
et al 

BERESFORD & Co. 
2-5 Warwick Court 
High Holbom 
London WC1R 5DJ (GB) 



CM 
00 
CD 



(S) Transmission power control for mobile radio. 

(57) A transmission power control method for a 
CDMA system including the steps of calculating 
an actual SIR (Signal-to-interference Ratio) of a 
desired signal ; deciding whether the actual SIR 
is greater than a predetermined reference SIR 
which satisfies a predetermined communi- 
cation quality; forming a transmission power 
control bit on the basis of a result of deciding ; 
inserting the transmission power control bit 
periodically into a forward frame, which steps 
are performed at the base station, and steps of 
calculating tentative reverse transmission 
power in accordance with the transmission 
power control bit in the forward frame ; decid- 
ing reverse transmission power such that the 
reverse transmission power is made equal to 
the tentative reverse transmission power when 
the tentative reverse transmission power is less 
than a predetermined maximum transmission 
power, but otherwise made equal to the pre- 
determined maximum transmission power; and 
transmitting a signal from the mobile station to 
the base station at the reverse transmission 
power, which steps are performed at the mobile 
station. This makes it possible to prevent the 
transmission power from diverging to the 
maximum output of a transmitter power am- 
plifier. 



BASE STATION 



MOBILE STATION 



FORWARD SIGNAL 



SPl 



CALCULATE TRANSMISSION 
POWER P T IN ACCORDANCE 
WITH TRANSMISSION POWER 
CONTROL BIT 



SP2> 



P T < Pmax? 



SP3 



TRANSMIT 

AT Pm 



REVERSE SIGNAL 



TRANSMIT 
AT Pmax 



SP4 



FIG. 10 



a. 

LU 



Jouve. 18, me Saint-Denis, 75001 PARIS 



1 



EP 0 682 418 A2 



2 



The present invention relates to a transmission 
power control method and a communication system 
using the same, and more particularly to a transmis- 
sion power control method in a CDMA (Code Division 
Multiple Access) system which performs multiple ac- 
cess using a spread spectrum technique in mobile 
communications, and a communication system using 
this method. 

As is well-known, a CDMA system falls into two 
classes: a direct sequence (DS) system which 
spreads a conventionally modulated signal by using 
a high rate spreading code; and a frequency hopping 
(FH) system which resolves a symbol into elements 
called chips, and translates each chip into signals of 
different center frequencies at a high rate. Since the 
FH system is difficult to implement in the state of the 
art, the DS system is usually employed. Spread- 
spectrum radio systems differ from conventional 
communication systems for satellite data networks 
such as SCPC/FDMA (Single Channel Per Carri- 
er/Frequency Division Multiple Access) systems, or 
TDMA(Time Division Multiple Access) systems in that 
the spread-spectrum radio systems transmit, at a 
transmitter side, a signal which is modulated by a 
common modulation, and then by a secondary mod- 
ulation using a spreading code, which widens its sig- 
nal bandwidth. At a receiver side, on the other hand, 
the wideband received signal is despread to restore 
the narrow band signal, followed by a conventional 
demodulation processing. The despreading is per- 
formed by detecting correlation between the spread- 
spectrum sequence of the received signal and a 
spreading code sequence which is generated at the 
receiving station, and peculiar to the channel. The ca- 
pacity in terms of the number of subscribers in a cell 
is determined by an SIR (Signal-to-interference Ra- 
tio) needed to achieve a required error rate because 
a CDMA system uses the same frequency band for 
the subscribers. 

Applying the CDMA system to a mobile commu- 
nication presents a problem in that received signal 
levels at a base station from respective mobile sta- 
tions vary significantly depending on the locations of 
the mobile stations, and this arises a "near-far prob- 
lem", in which a large power signal masks a small 
power signal, thereby reducing the number of mobile 
stations communicatabie at the same time. In other 
words, a communication quality of a channel is de- 
graded by signals of other communicators because 
the same frequency band is shared by a plurality of 
communicators and the signals from the other com- 
municators become an interference. 

Fig. 1 illustrates an interference state in a reverse 
(from mobile station to base station) channel due to 
other mobile stations. The reference characters BS1 
- BS3 designate base stations, and MS1 - MS3 des- 
ignate mobile stations in the cell associated with the 
base station BS1 . When the mobile station MS1 clos- 



er to the base station BS1 than the mobile station 
MS2 communicates with the base station BS1 at the 
same time with the mobile station MS2, the received 
power of the base station BS1 from the near mobile 

5 station MS1 will be greater than that from the faraway 
mobile station MS2. As a result, the communications 
between the faraway mobile station MS2 and the 
base station BS1 will be degraded owing to the inter- 
ference from the near mobile station MS1. 

10 To overcome this near-far problem, a transmis- 

sion power control has been introduced. The trans- 
mission power control regulates received power at a 
receiving station, or the SIR determined by the re- 
ceived power, such that the received power or the SIR 

15 becomes constant regardless of the locations of mo- 
bile stations, thereby achieving uniform communica- 
tion quality in a service area. 

Fig. 2 shows a received power level at a base sta- 
tion when the transmission power control in a reverse 

20 direction is carried out, in comparison with a received 
power level when the power control is not carried out. 
Since a mobile station near the border to an adjacent 
cell receives interference from the adjacent cell, the 
degradation of communication quality due to the 

25 near-far problem occurs in both reverse and forward 
(from base station to mobile station) communica- 
tions. 

Fig. 3 illustrates an interference state of a for- 
ward channel from the base station BS1 to the mobile 

30 station MS3, due to the base stations BS2 and BS3 
of other ceils. As shown in this figure, signal powers 
of the other communicators become interference, 
and hence, transmission power control must be car- 
ried out to prevent the signal powers of the other com- 

35 municators from growing much larger than the trans- 
mission power of the intended channel. 

In particular, with regard to a reverse channel, 
each mobile station controls transmission power 
such that the received power thereof at the base sta- 

40 tion becomes constant. Since the interference is con- 
sidered as white noise in the CDMA system, an error 
in the transmission power is the most important factor 
in determining the capacity in terms of the number of 
subscribers in a cell. For example, an error of 1 dB in 

45 the transmission power will reduce the capacity in 
terms of the number of the subscribers by about 30%. 

On the other hand, with regard to a forward chan- 
nel, since the signal of an intended channel and inter- 
ferences caused by signals for other users within the 

so cell propagate through the same path, they are sub- 
ject to the same long interval fluctuations, the same 
short interval fluctuations, and the same instantane- 
ous fluctuations, so that their SIR is kept constant. 
Therefore, the transmission power control is not nec- 

55 essary if the interference is caused only within a cell. 
Actually, however, interferences from other cells 
must be considered. This is because although the in- 
terference power from other cells undergoes instan- 
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taneous fluctuations due to Rayleigh fading as the in- 
terference power within the cell, its fluctuations differ 
from those of the intended signal. 

Fig. 4 illustrates behavior of a received signal at 
a mobile station. In a CDMA system standardized by 5 
TIAof the United States, the transmission power con- 
trol is not basically performed in a forward channel. 
Instead, a base station detects a frame error rate of 
a received signal, and increases the transmission 
power to a mobile station if the frame error rate ex- 10 
ceeds a predetermined value. This is because a large 
increase in the transmission power will increase the 
interference to other cells. The transmission powers 
from base stations of other cells constitute an inter- 
ference which fluctuates instantaneously. 15 

Fig. 5 shows the operation principle of a first con- 
ventional closed loop transmission power control 
which is performed in accordance with a received 
SIR. In Fig. 5 (and Fig. 6), the reference character S 
designates the received power of a desired signal, I 20 
designates the received power of interferences, and 
pg designates a processing gain. The first conven- 
tional transmission power control in a CDMA system 
is performed such that an actual SIR agrees with a 
reference SIR which is determined in advance to pro- 25 
vide a required communication quality. Here, the SIR 
is defined as the ratio of the received power of an in- 
tended signal to the interference power which is the 
sum total of thermal noise and interferences from 
users other than the intended user. In this first con- 30 
ventional method, an increase in the received signal 
power of the user to obtain the reference SIR will re- 
sults in an increase in interference power to other 
users. This will form a vicious cycle which causes suc- 
cessive increases in transmission powers of respec- 35 
tive mobile stations, and each of the mobile stations 
will come to transmit at its maximum transmission 
power. 

Fig. 6 illustrates the operation principle of a sec- 
ond conventional closed loop transmission power 40 
control based on a received thermal noise level. The 
second transmission power control is performed in 
accordance with a ratio S/(l max + N), where S is the re- 
ceived signal level of an intended wave, l max is the 
maximum interference power caused by the maxi- 45 
mum number of users that the system can accommo- 
date, and N is the thermal noise power. In other 
words, the transmission power control is performed 
in accordance with the ratio of the level S to the level 
Lax. which levels are measured from the thermal 50 
noise level N. In this case, even if the number of ac- 
tual communicators within the ceil is less than the 
maximum number, a mobile station 'will radiate such 
transmission power that ensures a required reception 
quality at the base station on the assumption that the 55 
maximum number of users are communicating at the 
same time (SNR in Fig. 6 will be described later). 

As a result, in either case of Figs. 5 and 6, a mo- 



bile station comes to radiate the maximum transmis- 
sion power corresponding to the maximum capacity 
in terms of the number of users. This forces the mo- 
bile station to consume extra power. A similar prob- 
lem will occur in a forward channel transmission from 
base station to mobile stations. 

Therefore, an object of the present invention to 
provide a transmission power control method and a 
communication system using the same which can 
prevent the transmission power from being increased 
to the maximum output power of a transmitter ampli- 
fier by controlling the transmission power in accor- 
dance with the ratio of the received signal level of a 
desired wave to the power from other communica- 
tors. 

In a first aspect of the present invention, there is 
provided a transmission power control method for a 
CDMA (Code Division Multiple Access) system com- 
prising the steps of: 

calculating, at a base station, a first actual SIR 
(Signal-to-lnterference Ratio), the first actual SIR be- 
ing defined as a ratio of received power of a desired 
signal sent from a mobile station with which the base 
station is communicating to a sum of interference 
power and thermal noise power from other stations; 

deciding, at the base station, whether the first 
actual SIR is greater than a first predetermined refer- 
ence SIR which satisfies a predetermined communi- 
cation quality; 

forming, at the base station, one or more first 
transmission power control bits on the basis of a re- 
sult of the step of deciding; 

inserting, at the base station, the first trans- 
mission power control bits periodically into a forward 
(from base station to mobile station) frame; 

calculating, at the mobile station, tentative re- 
verse (mobile station to base station) transmission 
power in accordance with the first transmission pow- 
er control bits in the forward frame sent from the base 
station; 

deciding, at the mobile station, reverse trans- 
mission power, the reverse transmission power being 
made equal to the tentative reverse transmission 
power when the tentative reverse transmission power 
is equal to or less than first predetermined maximum 
transmission power, and being made equal to the first 
predetermined maximum transmission power when 
the tentative reverse transmission power is greater 
than the first predetermined maximum transmission 
power; and 

transmitting a signal from the mobile station to 
the base station at the reverse transmission power. 

Here, the first predetermined maximum trans- 
mission power may be determined on the basis of a 
maximum capacity in terms of number of subscribers 
in a cell, a radius of the cell, and an outage probability 
of the cell. 

In a second aspect of the present invention, there 
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is provided a transmission power control method for 
a CDMA (Code Division Multiple Access) system com- 
prising the steps of: 

calculating, at a mobile station, an actual SIR 
(Signal-to-lnterference Ratio), the actual SIR being 5 
defined as a ratio of received power of a desired sig- 
nal sent from a base station with which the mobile sta- 
tion is communicating to a sum of interference power 
and thermal noise power from other stations; 

deciding, at the mobile station, whether the ac- 1 o 
tual SIR is greater than a predetermined reference 
SIR which satisfies a predetermined communication 
quality; 

forming, at the mobile station, one or more 
transmission power control bits on the basis of a re- 15 
suit of the step of deciding; 

inserting, at the mobile station, the transmis- 
sion power control bits periodically into a reverse 
(from mobile station to base station) frame; 

calculating, at the base station, tentative for- 20 
ward (base station to mobile station) transmission 
power in accordance with the transmission power 
control bits in the reverse frame sent from the mobile 
station; 

deciding, at the base station, forward trans- 25 
mission power, the forward transmission power being 
made equal to the tentative forward transmission 
power when the tentative forward transmission power 
is equal to or less than a predetermined maximum 
transmission power, and being made equal to the pre- 30 
determined maximum transmission power when the 
tentative forward transmission power is greater than 
the predetermined maximum transmission power; 
and 

transmitting a signal from the base station to 35 
the mobile station at the forward transmission power. 

Here, the predetermined maximum transmission 
power may be determined on the basis of a maximum 
capacity in terms of number of subscribers in a cell, 
a radius of the cell, and an outage probability of the 40 
cell. 

The transmission power control method may fur- 
ther comprise the steps of: 

calculating, at the mobile station, a second ac- 
tual SIR (Signal-to-lnterference Ratio), the second 45 
actual SIR being defined as a ratio of received power 
of a desired signal sent from the base station with 
which the mobile station is communicating to a sum 
of interference power and thermal noise power from 
other stations; 50 

deciding, at the mobile station, whether the 
second actual SIR is greater than a second predeter- 
mined reference SIR which satisfies a predetermined 
communication quality; 

forming, at the mobile station, one or more sec- 55 
ond transmission power control bits on the basis of a 
result of the step of deciding; 

inserting, at the mobile station, the second 



transmission power control bits periodically into a re- 
verse (from mobile station to base station) frame; 

calculating, at the base station, tentative for- 
ward (base station to mobile station) transmission 
power in accordance with the second transmission 
power control bits in the reverse frame sent from the 
mobile station; 

deciding, at the base station, forward trans- 
mission power, the forward transmission power being 
made equal to the tentative forward transmission 
power when the tentative forward transmission power 
is equal to or less than second predetermined maxi- 
mum transmission power, and being made equal to 
the second predetermined maximum transmission 
power when the tentative forward transmission power 
is greater than the second predetermined maximum 
transmission power; and 

transmitting a signal from the base station to 
the mobile station at the forward transmission power. 

In a third aspect of the present invention, there is 
provided a transmission power control apparatus for 
a CDMA (Code Division Multiple Access) system 
comprising: 

means for calculating, at a base station, a first 
actual SIR (Signal-to-lnterference Ratio), the first ac- 
tual SIR being defined as a ratio of received power of 
a desired signal sent from a mobile station with which 
the base station is communicating to a sum of inter- 
ference power and thermal noise power from other 
stations; 

means for deciding, at the base station, wheth- 
er the first actual SIR is greater than a first predeter- 
mined reference SIR which satisfies a predetermined 
communication quality; 

means for forming, at the base station, one or 
more first transmission power control bits on the ba- 
sis of a result obtained by the means for deciding; 

means for inserting, at the base station, the 
first transmission power control bits periodically into 
a forward (from base station to mobile station) frame; 

means for calculating, at the mobile station, 
tentative reverse (mobile station to base station) 
transmission power in accordance with the first trans- 
mission power control bits in the forward frame sent 
from the base station; 

means for deciding, at the mobile station, re- 
verse transmission power, the reverse transmission 
power being made equal to the tentative reverse 
transmission power when the tentative reverse trans- 
mission power is equal to or less than first predeter- 
mined maximum transmission power, and being 
made equal to the first predetermined maximum 
transmission power when the tentative reverse trans- 
mission power is greater than the first predetermined 
maximum transmission power; and 

means for transmitting a signal from the mo- 
bile station to the base station at the reverse trans- 
mission power. 
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Here, the first predetermined maximum trans- 
mission power may be determined on the basis of a 
maximum capacity in terms of number of subscribers 
in a ceil, a radius of the cell, and an outage probability 
of the cell. 

In a fourth aspect of the present invention, there 
is provided a transmission power control apparatus 
for a CDMA (Code Division Multiple Access) system 
comprising; 

means for calculating, at a mobile station, an 
actual SIR (Signal-to-interference Ratio), the actual 
SIR being defined as a ratio of received power of a de- 
sired signal sent from a base station with which the 
mobile station is communicating to a sum of interfer- 
ence power and thermal noise power from other sta- 
tions; 

means for deciding, at the mobile station, 
whether the actual SIR is greater than a predeter- 
mined reference SIR which satisfies a predetermined 
communication quality; 

means for forming, at the mobile station, one 
or more transmission power control bits on the basis 
of a result obtained by the means for deciding; 

means for inserting, at the mobile station, the 
transmission power control bits periodically into a re- 
verse (from mobile station to base station) frame; 

means for calculating, at the base station, ten- 
tative forward (base station to mobile station) trans- 
mission power in accordance with the transmission 
power control bits in the reverse frame sent from the 
mobile station; 

means for deciding, at the base station, for- 
ward transmission power, the forward transmission 
power being made equal to the tentative forward 
transmission power when the tentative forward trans- 
mission power is equal to or less than a predeter- 
mined maximum transmission power, and being 
made equal to the predetermined maximum transmis- 
sion power when the tentative forward transmission 
power is greater than the predetermined maximum 
transmission power; and 

means for transmitting a signal from the base 
station to the mobile station at the forward transmis- 
sion power. 

Here, the predetermined maximum transmission 
power may be determined on the basis of a maximum 
capacity in terms of number of subscribers in a cell, 
a radius of the cell, and an outage probability of the 
cell. 

The transmission power control apparatus may 
further comprise: 

means for calculating, at the mobile station, a 
second actual SIR (Signal-to- Interference Ratio), the 
second actual SIR being defined as a ratio of received 
power of a desired signal sent from the base station 
with which the mobile station is communicating to a 
sum of interference power and thermal noise power 
from other stations; 



means for deciding, at the mobile station, 
whether the second actual SIR is greater than a sec- 
ond predetermined reference SIR which satisfies a 
predetermined communication quality; 
5 means for forming, at the mobile station, one 

or more second transmission power control bits on 
the basis of a result obtained by the means for decid- 
ing; 

means for inserting, at the mobile station, the 
10 second transmission power control bits periodically 
into a reverse (from mobile station to base station) 
frame; 

means for calculating, at the base station, ten- 
tative forward (base station to mobile station) trans- 
is mission power in accordance with the second trans- 
mission power control bits in the reverse frame sent 
from the mobile station; 

means for deciding, at the base station, for- 
ward transmission power, the forward transmission 
20 power being made equal to the tentative forward 
transmission power when the tentative forward trans- 
mission power is equal to or less than second prede- 
termined maximum transmission power, and being 
made equal to the second predetermined maximum 
25 transmission power when the tentative forward trans- 
mission power is greater than the second predeter- 
mined maximum transmission power; and 

means for transmitting a signal from the base 
station to the mobile station at the forward transmis- 
30 sion power. 

According to the present invention, since an up- 
per limit value of the maximum transmission power of 
a mobile station is set at such a value that the required 
quality is satisfied at the base station for the maxi- 
35 mum number of subscribers of the system, a transmit- 
ter amplifier of the mobile station does not diverge 
during the transmission power control. A similar 
transmission power control which can follow the inter- 
ference power from other cells can also be imple- 
40 mented for a forward channel. 

The above and other objects, effects, features 
and advantages of the present invention will become 
more apparent from the following description of the 
embodiment thereof taken in conjunction with the ac- 
45 companying drawings. 

Fig. 1 is a diagram illustrating interferences from 
other mobile stations to a reverse channel; 
Fig. 2 is a diagram illustrating a received signal 
level at a base station when a reverse transmis- 
50 sion power control is performed in comparison 

with that when the control is not carried out; 
Fig. 3 is a diagram illustrating interferences from 
other cells to a forward channel; 
Fig. 4 is a diagram illustrating received signal and 
55 interference levels to a forward channel at a mo- 

bile station; 

Fig. 5 is a diagram illustrating a first conventional 
transmission power control in terms of SIR; 
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Fig. 6 is a diagram illustrating a second conven- 
tional transmission power control in terms of a 
thermal noise level; 

Fig. 7 is a diagram illustrating the principle of a 
transmission power control in accordance with 5 
the present invention; 

Figs. 8A and 8B are block diagrams showing a 
portion of a mobile station, which is associated 
with the transmission power control in accor- 
dance with the present invention; 10 
Fig. 9 is a block diagram showing a portion of a 
base station, which is associated with the trans- 
mission power control in accordance with the 
present invention; 

Fig. 1 0 is a flowchart showing a reverse transmis- 1 5 
sion power control method in accordance with the 
present invention; 

Fig. 1 1 is a flowchart showing a forward transmis- 
sion power control method in accordance with the 
present invention; and 20 
Fig. 12 is a diagram showing the operation of a 
closed loop transmission power control in accor- 
dance with the present invention. 
The invention will now be described with refer- 
ence to the accompanying drawings. 25 

Fig. 7 illustrates the operation principle of the 
transmission power control method in accordance 
with the present invention. Radio equipment of a base 
station controls the transmission power of a mobile 
station such that the ratio S/(N+I) of the received sig- 30 
nal power S of a desired signal from an intended mo- 
bile station to the sum N+l of thermal noise N and in- 
terference power I from other mobile stations satis- 
fies an intended reception quality at the base station. 
The period of the power control is set equal to or less 35 
than a period that can follow instantaneous fluctu- 
ations corresponding to the Doppler frequency. When 
the transmission powerP T ofa mobile station increas- 
es to the maximum transmission power P max because 
of increasing interference, the transmission power of 40 
the mobile station is fixed to P max which is determined 
by the maximum capacity in terms of the number of 
subscribers, the radius of the cell, and an outage 
probability. The outage probability represents a per- 
centage of areas that cannot satisfy a required chan- 45 
nel quality in a service area. Thus, the transmission 
power of the mobile station cannot exceed the maxi- 
mum transmission power P max which corresponds to 
the maximum signal level Smax at the base station. 
A dosed loop transmission power control is also per- so 
formed in a forward channel in border areas of the cell 
so that the transmission power can follow instantane- 
ous fluctuations of interferences from other cells. The 
base station also performs the transmission power 
control of a forward channel in accordance with the 55 
received SIR at a mobile station as in a reverse chan- 
nel so that the transmission power is fixed at a max- 
imum transmission power P*^, thereby preventing 



the transmission power of the base station from in- 
creasing beyond P' ma x- 

Figs. 8A and 8B are block diagrams showing a 
portion associated with the transmission power con- 
trol in a mobile station. 

In Figs. 8Aand 8B, the reference numeral 1 des- 
ignates an RF downconverter for converting an RF 
(Radio Frequency) received signal to an IF (Inter- 
mediate Frequency) signal. The output signal of the 
RF downconverter 1 is supplied to an AGO (Automatic 
Gain Control) amplifier 2 which forms a fixed level 
signal from the output signal. The output of the AGC 
amplifier 2 undergoes quadrature detection by a 
quadrature detector 3. The output of the quadrature 
detector 3 is despread by a despreading portion 4 
composed of matched filters or a sliding correlator. 
The output of the despreading portion 4 is inputted to 
a RAKE combiner and demodulator 5, a timing gen- 
erator 6, a desired received signal power detector 7 
and an interference power detector 8. 

The timing generator 6 detects a synchronizing 
signal from the input signal, and provides the desired 
received signal power detector 7 and the interference 
power detector 8 with a timing clock signal on the ba- 
sis of the detected synchronizing signal. The desired 
received signal power detector 7 detects the desired 
received signal power from the input signal on the ba- 
sis of the timing clock signal. The interference power 
detector 8 detects the interference power from the in- 
put signal on the basis of the timing clock signal. An 
SIR calculation portion 9 calculates a received SIR 
from these detected outputs, and supplies the resul- 
tant received SIR to a transmission power control bit 
generator 10. The generator 10 compares the re- 
ceived SIR with a predetermined reference SIR sat- 
isfying a predetermined reception quality, and deter- 
mines a transmission power control bit to be sent to 
the base station. 

The RAKE combiner and demodulator 5 demod- 
ulates a RAKE combined input signal, and provides it 
to a frame separating portion 11. The frame separat- 
ing portion 11 extracts the transmission power con- 
trol bit from a frame, and provides it to a transmission 
power decision portion 12. The transmission power 
decision portion 12 determines the transmission pow- 
er P T in accordance with the transmission power con- 
trol bit, compares the transmission power P T with the 
maximum power P max calculated by a maximum pow- 
er calculation portion 13, and outputs a value corre- 
sponding to P T when P T is less than P max , and a value 
corresponding to P max when P T is greater than P max . 

The maximum power calculation portion 13 cal- 
culates the maximum power P max as follows: First, the 
received power S at the base station is expressed by 
the following equation. 

SNR = ? {1) 

Ts K pg 
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where SNR is a noise-to-signal ratio of the desired re- 
ceived power to noise power including the interfer- 
ence power, for satisfying a predetermined quality 
(error rate), N 0 is a power density of thermal noise, T s 
is a symbol interval of information data, pg is a proc-. 5 
essing gain, C is the capacity in terms of the number 
of subscribers per cell, and a is a ratio of interference 
power from other cells to that of the cell of interest. 
The received power S at the base station can be ob- 
tained by the following equation derived from equa- 10 
tipn (1). 

SNR-Np-pg 



S = 



(2) 



Ts\pg - (1 + a)(C - 1)SW/?| 
Considering a propagation loss P L oss» the maxi- 
mum transmission power P max of the mobile station is 
expressed by 
D _ SNR Np-pg 



max Ts\pg - (1 + a) (C - 1)SA/R] 
(3) 



+ Pi 



LOSS 
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The maximum transmission power of the base 20 
station can be obtained in a similar manner. 

The frame generator 14 forms a frame (reverse 
frame) including the transmission power control bit 
from the transmission power control bit generator 10, 
information data such as voice information, and pilot 25 
data for communication control, and provides the 
frame to a spreading portion 15. The spreading por- 
tion 15 spectrum-spreads the signal from the frame 
generator 14 using a spreading code supplied from a 
spreading code generator 16, and provides it to a 30 
quadrature modulator 17. The quadrature modulator 
17 performs quadrature modulation on the signal 
from the spreading portion 15, and provides the 
modulated signal to an RF upconverter 18. The RF 
upconverter 18 converts the signal from the quadra- 35 
ture modulator 17 to an RF signal, and provides it to 
a power amplifier 19. The power amplifier 19 ampli- 
fies the signal from the RF upconverter 18 such that 
the transmission power of the signal becomes the 
transmission power determined by the transmission 40 
power decision portion 12. The output of the power 
amplifier 1 9 is fed to an antenna, and is radiated to the 
base station. The transmission power control period 
at the power amplifier 1 9 is determined at a value that 
enables the transmission power control to follow in- 45 
stantaneous fluctuations corresponding to the Dop- 
pler frequency. 

The mobile station has an arrangement as descri- 
bed above. The base station has a similar arrange- 
ment except for a portion shown in Fig. 9. In Fig. 9, a 50 
power control portion 20 is connected to the input of 
an RF upconverter 18'. The power control portion 20 
controls (bit shifts) the power of the signal (a base- 
band signal) outputted from a quadrature modulator 
1 T in response to the transmission power value sup- 55 
plied from a transmission power decision portion 12'. 
This facilitates combining a plurality of channels at 



the baseband and amplifying them all together, which 
is performed at the base station. 

Fig. 10 is a flowchart showing the transmission 
power control of the mobile station. The transmission 
power P T is calculated on the basis of the transmis- 
sion power bit sent from the base station at step SP1 . 
Subsequently, the calculated power P T is compared 
with the maximum power P max at step SP2. If the cal- 
culated power P T is equal to or less than the maximum 
power Pmax, the transmission power is set at P T at step 
SP3, whereas if the calculated power P T is greater 
than the maximum power P max , the transmission pow- 
er is set at P^ at step SP4. 

Fig. 11 is a flowchart showing the transmission 
power control of the base station. The transmission 
power P T is calculated on the basis of the transmis- 
sion power bit sent from the mobile station at step 
SP1 1 . Subsequently, the calculated power P T is com- 
pared with the maximum power P,^ at step SP12. If 
the calculated power P T is equal to or less than the 
maximum power P max , the transmission power is set 
at P T at step SP13, whereas if the calculated power 
P T is greater than the maximum power P max , the 
transmission power is set at P max at step SP14. 

Fig. 12 shows an example of a closed loop trans- 
mission power control method in accordance with the 
present invention. The transmission power control is 
carried out as follows (the number in brackets corre- 
spond to those of Fig. 12.): 

[1] The base station measures a desired received 
power level, and calculates an SIR. 
[2] The base station estimates the transmission 
power at two transmission power control periods 
later by comparing the measured SIR with a pre- 
determined reference SIR. 
[3] The base station generates a transmission 
power control bit which commands an increment 
or decrement of transmission power of a mobile 
station, and inserts it into a forward frame peri- 
odically. The insertion period is determined such 
that the power control can follow instantaneous 
fluctuations associated with the Doppler fre- 
quency. 

[4] The mobile station decodes the reverse trans- 
mission power control bit included in the forward 
frame sent from the base station. 
[5] The mobile station transmits a signal at the 
transmission power commanded by the reverse 
transmission power control bit included the for- 
ward frame. 

In reverse communications, a dynamic range of 
70 dB or more is necessary for the transmitter ampli- 
fier of a mobile station to achieve the communication 
in a cell whose radius is a few kilometers. In contrast 
with this, in forward communications, changed 
amounts of the transmission power of the base sta- 
tion must be limited to a small range of less than 10 
dB from the steady state maximum power P' max be- 
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cause increasing the transmission power of the base 
station when a mobile station receives interference 
from other ceils at an edge of the cell will cause inter- 
ference to other communicators within the cell. 

The present invention has been described in de- s 
tail with respect to an embodiment, and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modifications may be made without 
departing from the invention in its broader aspects, 
and it is the intention, therefore, in the appended 10 
claims to coverall such changes and modifications as 
fall within the true spirit of the invention. 



Claims 15 

1. A transmission power control method for a CDMA 
(Code Division Multiple Access) system charac- 
terized by comprising the steps of: 

calculating, at a base station, a first actual 20 
SIR (Signal-to-lnterference Ratio), said first ac- 
tual SIR being defined as a ratio of received pow- 
er of a desired signal sent from a mobile station 
with which the base station is communicating to 
a sum of interference power and thermal noise 25 
power from other stations; 

deciding, at the base station, whether said 
first actual SIR is greater than a first predeter- 
mined reference SIR which satisfies a predeter- 
mined communication quality; 30 

forming, at the base station, one or more 
first transmission power control bits on the basis 
of a result of said step of deciding; 

inserting, at the base station, said first 
transmission power control bits periodically into 35 
a forward (from base station to mobile station) 
frame; 

calculating, at said mobile station, tenta- 
tive reverse (mobile station to base station) 
transmission power in accordance with said first 40 
transmission power control bits in said forward 
frame sent from said base station; 

deciding, at the mobile station, reverse 
transmission power, said reverse transmission 
power being made equal to said tentative reverse 45 
transmission power when said tentative reverse 
transmission power is equal to or less than first 
predetermined maximum transmission power, 
and being made equal to said first predetermined 
maximum transmission power when said tenta- 50 
tive reverse transmission power is greater than 
said first predetermined maximum transmission 
power; and 

transmitting a signal from said mobile sta- 
tion to said base station at said reverse transmis- 55 
sion power. 

2. The transmission power control method as 



claimed in claim 1 , characterized in that said first 
predetermined maximum transmission power is 
determined on the basis of a maximum capacity 
in terms of number of subscribers in a cell, a ra- 
dius of the cell, and an outage probability of the 
cell. 

3. A transmission power control method for a CDMA 
(Code Division Multiple Access) system charac- 
terized by comprising the steps of: 

calculating, at a mobile station, an actual 
SIR (Signal-to-lnterference Ratio), said actual 
SIR being defined as a ratio of received power of 
a desired signal sent from a base station with 
which the mobile station is communicating to a 
sum of interference power and thermal noise 
power from other stations; 

deciding, at the mobile station, whether 
said actual SIR is greater than a predetermined 
reference SIR which satisfies a predetermined 
communication quality; 

forming, at the mobile station, one or more 
transmission power control bits on the basis of a 
result of said step of deciding; 

inserting, at the mobile station, said trans- 
mission power control bits periodically into a re- 
verse (from mobile station to base station) frame; 

calculating, at said base station, tentative 
forward (base station to mobile station) transmis- 
sion power in accordance with said transmission 
power control bits in said reverse frame sent 
from said mobile station; 

deciding, at the base station, forward 
transmission power, said forward transmission 
power being made equal to said tentative forward 
transmission power when said tentative forward 
transmission power is equal to or less than a pre- 
determined maximum transmission power, and 
being made equal to said predetermined maxi- 
mum transmission power when said tentative for- 
ward transmission power is greater than said pre- 
determined maximum transmission power; and 

transmitting a signal from said base sta- 
tion to said mobile station at said forward trans- 
mission power. 

4. The transmission power control method as 
claimed in claim 3, characterized in that said pre- 
determined maximum transmission power is de- 
termined on the basis of a maximum capacity in 
terms of number of subscribers in a ceil, a radius 
of the cell, and an outage probability of the cell. 

5. The transmission power control method as 
claimed in claim 1, further characterized by com- 
prising the steps of: 

calculating, at the mobile station, a second 
actual SIR (Signal-to-lnterference Ratio), said 
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second actual SIR being defined as a ratio of re- 
ceived power of a desired signal sent from the 
base station with which the mobile station is com- 
municating to a sum of interference power and 
thermal noise power from other stations; 5 

deciding, at the mobile station, whether 
said second actual SIR is greater than a second 
predetermined reference SIR which satisfies a 
predetermined communication quality; 

forming, at the mobile station, one or more 10 
second transmission power control bits on the 
basis of a result of said step of deciding; 

inserting, at the mobile station, said sec- 
ond transmission power control bits periodically 
into a reverse (from mobile station to base sta- 15 
tion) frame; 

calculating, at said base station, tentative 
forward (base station to mobile station) transmis- 
sion power in accordance with said second trans- 
mission power control bits in said reverse frame 20 
sent from said mobile station; 

deciding, at the base station, forward 
transmission power, said forward transmission 
power being made equal to said tentative forward 
transmission power when said tentative forward 25 
transmission power is equal to or less than sec- 
ond predetermined maximum transmission pow- 
er, and being made equal to said second prede- 
termined maximum transmission power when 
said tentative forward transmission power is 30 
greater than said second predetermined maxi- 
mum transmission power; and 

transmitting a signal from said base sta- 
tion to said mobile station at said forward trans- 
mission power. 35 

6. A transmission power control apparatus for a 
CDMA (Code Division Multiple Access) system 
characterized by comprising: 

means for calculating, at a base station, a 40 
first actual SIR (Signal-to-interference Ratio), 
said first actual SIR being defined as a ratio of re- 
ceived power of a desired signal sent from a mo- 
bile station with which the base station is commu- 
nicating to a sum of interference power and ther- 45 
mal noise power from other stations; 

means for deciding, at the base station, 
whether said first actual SIR is greater than a first 
predetermined reference SIR which satisfies a 
predetermined communication quality; so 

means forforming, at the base station, one 
or more first transmission power control bits on 
the basis of a result obtained by said means for 
deciding; 

means for inserting, at the base station, 55 
said first transmission power control bits period- 
ically into a forward (from base station to mobile 
station) frame; 



means for calculating, at said mobile sta- 
tion, tentative reverse (mobile station to base sta- 
tion) transmission power in accordance with said 
first transmission power control bits in said for- 
ward frame sent from said base station; 

means for deciding, at the mobile station, 
reverse transmission power, said reverse trans- 
mission power being made equal to said tentative 
reverse transmission power when said tentative 
reverse transmission power is equal to or less 
than first predetermined maximum transmission 
power, and being made equal to said first prede- 
termined maximum transmission power when 
said tentative reverse transmission power is 
greater than said first predetermined maximum 
transmission power; and 

means for transmitting a signal from said 
mobile station to said base station at said reverse 
transmission power. 

7. The transmission power control apparatus as 
claimed in claim 6, characterized in that said first 
predetermined maximum transmission power is 
determined on the basis of a maximum capacity 
in terms of number of subscribers in a cell, a ra- 
dius of the cell, and an outage probability of the 
cell. 

8. A transmission power control apparatus for a 
CDMA (Code Division Multiple Access) system 
characterized by comprising; 

means for calculating, at a mobile station, 
an actual SIR (Signal-to-interference Ratio), said 
actual SIR being defined as a ratio of received 
power of a desired signal sent from a base station 
with which the mobile station is communicating to 
a sum of interference power and thermal noise 
power from other stations; 

means for deciding, at the mobile station, 
whether said actual SIR is greater than a prede- 
termined reference SIR which satisfies a prede- 
termined communication quality; 

means for forming, at the mobile station, 
one or more transmission power control bits on 
the basis of a result obtained by said means for 
deciding; 

means for inserting, at the mobile station, 
said transmission power control bits periodically 
into a reverse (from mobile station to base sta- 
tion) frame; 

means for calculating, at said base station, 
tentative forward (base station to mobile station) 
transmission power in accordance with said 
transmission power control bits in said reverse 
frame sent from said mobile station; 

means for deciding, at the base station, 
forward transmission power, said forward trans- 
mission power being made equal to said tentative 
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forward transmission power when said tentative 
forward transmission power is equal to or less 
than a predetermined maximum transmission 
power, and being made equal to said predeter- 
mined maximum transmission power when said 
tentative forward transmission power is greater 
than said predetermined maximum transmission 
power; and 

means for transmitting a signal from said 
base station to said mobile station at said forward 
transmission power. 

9. The transmission power control apparatus as 
claimed in'claim 8, characterized in that said pre- 
determined maximum transmission power is de- 
termined on the basis of a maximum capacity in 
terms of number of subscribers in a ceil, a radius 
of the cell, and an outage probability of the cell. 

10. The transmission power control apparatus as 
claimed in claim 6, further characterized by com- 
prising: 

means for calculating, at the mobile sta- 
tion, a second actual SIR (Signal-to-lnterference 
Ratio), said second actual SIR being defined as 
a ratio of received power of a desired signal sent 
from the base station with which the mobile sta- 
tion is communicating to a sum of interference 
power and thermal noise power from other sta- 
tions; 

means for deciding, at the mobile station, 
whether said second actual SIR is greater than a 
second predetermined reference SIR which sat- 
isfies a predetermined communication quality; 

means for forming, at the mobile station, 
one or more second transmission power control 
bits on the basis of a result obtained by said 
means for deciding; 

means for inserting, at the mobile station, 
said second transmission power control bits per- 
iodically into a reverse (from mobile station to 
base station) frame; 

means for calculating, at said base station, 
tentative forward (base station to mobile station) 
transmission power in accordance with said sec- 
ond transmission power control bits in said re- 
verse frame sent from said mobile station; 

means for deciding, at the base station, 
forward transmission power, said forward trans- 
mission power being made equal to said tentative 
forward transmission power when said tentative 
forward transmission power is equal to or less 
than second predetermined maximum transmis- 
sion power, and being made equal to said second 
predetermined maximum transmission power 
when said tentative forward transmission power 
is greater than said second predetermined maxi- 
mum transmission power; and 



means for transmitting a signal from said 
base station to said mobile station at said forward 
transmission power. 

5 11. A method or apparatus for transmission power 
control in a cellular CDMA communications sys- 
tem wherein a first station responds to receive 
signal characteristics by providing transmission 
power control signals, to which a second station 

10 may respond by increasing its own transmission 

power level, subject to a periodically calculated 
maximum transmission power level of the second 
station. 

15 12. A method or apparatus according to any preced- 
ing claim, wherein the or each predetermined 
maximum transmission power is re-calculated on 
the basis of at least one time varying property of 
a base station cell. 

20 

13. A method or apparatus according to any preced- 
ing claim, wherein the or each predetermined 
maximum transmission power is periodically re- 
calculated. 

25 

14. A method or apparatus according to any preced- 
ing claim, wherein the or each predetermined 
maximum transmission power is re-calculated for 
communications in a new cell. 

30 

1 5. A method or apparatus according to any preced- 
ing claim, wherein the or each predetermined 
maximum transmission power is less than the 
maximum transmission power of the station. 

35 

1 6. A base station for use in a CDMA system, having 
the base station technical features of an appara- 
tus according to any of claims 6 to 14. 

40 17. A mobile station for use in a CDMA system, hav- 
ing the mobile station technical features of an ap- 
paratus according to any of claims 6 to 14. 



45 
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